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AssrRAcr

The presented work offers an improved planning tool as a response to the demand for active
and passive solar architecture. An integral solution is presented for the design of solar assisted
heating systems and decentralized electricity production using photovoltaics (PV) on building
roof-tops and facades. The tools are applicable in the early stage of architectural planning and
the underlying simulation is consistently usable throughout all fuither steps. In particular, this
solution offers a number of sensible approximations at the beginning of the planning process
and allows refining the input dataat a later stage.

The two software programs Lesosai and Polysun form the basis for the project. In a first step,
a software interface is created which provides access to the simulation kemel of Polysun
through the graphical user interface of Lesosai. Consequently, the architects do not have to
install and learn to handle additional software next to Lesosai. Furthermore, no data has to be
entered twice and the consistency of all simulation results is guaranteed by the software
package. Lr a second project step, Lesosai's front-end is optimized with respect to the
architects' needs.

1. INrnooucrroN

It is a general goal to reduce the impact of the buildings to the environment. In particular, the
energy efficiency of the buildings should be enhanced, non-renewable energy for heating and
cooling should be substituted and potentially a house could be part of decentralized energy
production.

On the one hand, the shift towards green energy ideals generates a genuine motivation to
educate the building industry and provide appropriate tools for the planning process. On the
other hand, the awareness of environmental issues has caused energy topics to become the
architects' daily challenge (or routine) and therefore produced a demand for improved
planning tools. Solar energy, in particular, has become a central topic because it is affecting
the envelope and the general appearance ofthe building [1].



It is important to make the best use of all forms of solar energy, namely passive solar, active
solar-thermal and photovoltaics (PV). Furthermore, other heating and cooling systems
including geothermal and heat-pump applications have to be included. Despite their very
different technology backgrounds and impacts, these forms of renewable energy sources are
all inter-related.

Since the course for solar buildings is set in an early project state it is important that tools for
early assessments are provided. This paper describes a new approach to make easy-to-use
tools available to builders and architects and to follow a new methodology based on
consistent simulation results throughout the entire workflow.

2. Mnruooor,ocy

With the goal to improve solar use in buildings, a systematic requirements engineering 12)
approach shall be followed. In a concise user and task analysis, the following questions have
to be answered:

o What are the planning processes and the workflows?

o Who are the people involved in the planning process?

o What tools do these people use?

o \iVho are the users of today's tools?

o Who are potential users of improved tools?

o Who are the decision makers?

Planning process

Analyzing the planning processes, two main categories have to be distinguished: The
planning process for new building and the one for building renovation.

la new building planning, involved parties related to the energy topic are the building owner,
the architect, an energy plarurer (may not be present for smaller objects) and the installer. In
some regions of Europe (including Switzerland), the energy provider also plays a more and
more active role. In summary, it is typically the architect's plans that are followed and ideally,
the active or passive use of solar energy is reflected in the main setup of the object.

ln building renovation, by contrast, the starting point is often the near end-oÊlife of the
installed heating system which initiates energy related planning. The regulatory framework
requires a certain standard of building insulation, which brings an indirect interdependency
with the building envelope. In general, passive solar use is more complicated to improve than
active solar heating systems, while the use of a heat pump is typically the solution causing
hardly any interaction with the building.

The planning of PV systems typically does not follow any of the above mentioned and often
there is no architect involved in the planning. The result might be of poor esthetical quality
and it would be beneficial if architects are more often involved in PV planning.

Improvements proposed by this project

It is recognizedthü the decision makers in the early planning stage require one single easy-to-
handle tool. As there is more input to be entered for the building envelope, all data will be
entered in Lesosai. A new module specific to the active solar thermal elements is added and
the results specific to the active solar are displayed in new graphics. In the resulting package,
the Polysun Plugin is completely integrated and the architect does not have to install and leam



to handle another tool. In the simplified approach to the design of active solar systems, a
number of parameters have to be pre-defined. It is an important task of the project to define
these default values and to ensure robust simulation and sensible system results.

3. Toor,s

State-of-the-art in planning

Computer tools to simulate the thermal behavior of buildings today include passive solar
gains but have crude or none implementation of active solar thermal (such as SIA380/1 tools,
or the hourly tools for SIA380/4 or EN ISO 13790). On the other hand solar thermal system
simulation tools are very specialized and accurate, but not well linked to building models.
Both tools are mostly used by engineers and thermal energy experts either to check the
compliance with (SIA) Norms or to dimension the solar thermal system.

Polysun

The simulation software Polysun offers a broad range of functionaliÿ required for the
analysis and design of domestic energy systems ranging from solar thermal to heat pump and
PV systems. The stand-alone version has a broad world-wide customer base. Polysun
Designer offers full flexibility in system design by its unique graphical editing capability.

Figure l: Polysun planning tool including solar thermal, geothermal/heatpump, and
photovoltaics in one tool. Furthermore, all details of the heating system, such as
radiators/floor heating, controllers and pumps are modeled with their physical behavior.

In the Polysun catalogues, a broad range of components are stored with all characteristic data
necessary for the hydronic and thermal analysis of heating systems and the analysis and
design of PV applications (including comprehensive PV module and inverter data).

Polysun is shipped with a large number of system templates with established heating and PV
concepts and calculates all relevant system parameters related to heating and electricity



production. It also comprises the calculations for amortization and the data required for
subsidy applications. The target users of the stand-alone version of Polysun are the installers
and planners.

Lesosai

The software Lesosai is a well-established software tool for the thermal energy calculation
and certification of buildings. It can handle one or several heated or cooled zones. Typical
results are shown in Figure 2.

Lesosai is designed primarily for building and thermal engineers and architects. It allows the
calculation of environmental impacts of energy consumption, taking into account the energy
used, but also considering the construction materials of the building.

The graphical user interface is optimized to handle complex buildings in sufficient detail for
the building certification. From this data, all required parameter for the dynamic simulation
are extracted and passed to the Polysun simulation kernel by an internal software interface.
The selection of system templates is based on the Polysun template database.
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Figure 2: Typical output generated by Lesosai
environmental impact cqlculations (ri4ht).
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4. Innrr,nurNTATroN

Polysun is implemented in the Java programming language. The goal of the Polysun Plugin is
that selected third party software programs have a direct access to the Polysun simulation
kernel and the Polysun databases. The interface has been designed with the premises to offer
maximum flexibility and an efficient data exchange. While Polysun is implemented in the
Java programming language, it does not matter which language or programming environment
the calling software is based on.

Software interface

The general setup of the software interface between Lesosai and Polysun is summarized in
Figure 3. The XML data exchange between the tools is separated from the function call in
order to provide a concise interface structure. XML is chosen to provide the flexibility and, in
particular, to be able to re-use the interface allowing also other programs to connect to the
Polysun simulation kemel through the Polysun software interface.
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Any other Software Program

Windows C, C++, Delphi, etc.

function call

i Java Native Interface (JNI), or i

i Dynamically Linked Library (DLL) irl

Figure 3: Concept of the software interface to the Polysun kernel.

\ileather data

The calculations rely on statistical weather data in several \ryays, both in the building
simulation part of Lesosai and in the heating system analysis of Polysun (solar collector, air-
water heat pump, swimming pool simulation, etc). Lesosai and Polysun both rely on the
world-wide weather data andthe interpolation scheme of Meteotest/Meteonorm [3].
The consistency of the weather data is crucial in the joint simulation scheme between Polysun
and Lesosai and has been specially addressed when designing the software interface.

5. Rrsur,rs

The approach presented in this paper is generally applicable and has already been
implemented with several partners. Two examples are discussed in the following, where the
Polysun-Plugin is integrated in existing software.

Lesosai Polysun Inside

As a result of the presented work, Lesosai provides a one-tool combination of the building
energy model and an accurate energy simulation of all passive and active solar gains. Lesosai
Polysun Inside empowers architects to consider solar systems in an early planning stage,
based on automatic performance calculation of the solar system through Polysun.The Polysun
simulation kemel is working invisibly behind the Lesosai interface.

plan4[solarJ Polysun Inside

In the sofuvare plan4[solarJ Polysun Inside, Vela Solaris offers the Polysun simulation kernel
trough the Plugin-Interface for rooftop configuration together with its partner Gascad [4], see
screen shot in Figure 4. In this application, Polysun simulates yearly PV earnings and assists
the choice of PV modules and inverters in a first step. Future extensions will include heating
and cooling systems applyng various renewable energy sources such as solar thermal and
geothermal. The main advantages of plan4[solarJ Polysun Inside are the 3D object
visualization and the generation of a parts list.

data
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Figure 4: 3D visualization as one of the key results of plan4[solarJ Polysun Inside.

6. CoNcr-usroN AND Ourr,oo«

The presented work offers an integral solution for the desigu of active and passive solar
architecture. It is applicable in the early planning stage and is consistently usable throughout
the planning process.

Subsequently to providing the active solar calculation engine for all users of the Lesosai
program, it is intended to simplifu the Lesosai user interface and optimize it for its use by
architects. The complexity of the data input is reduced by providing smart default values for
solar systems and building elements, to broaden the use of this tool in the architects'
community. At the same time, it is still possible to use the dynamic simulation kernel of
Polysun which is more accurate than other simulation schemes and which allows using the
simulation projects in a later stage in the workflow with the standalone version of Polysun.
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